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(67) A method and an apparatus for encoding an im-
age into a bitstream are disclosed. Said image compris-
ing a set of blocks. For each block of the image, an activity
value is computed (10). A set of classes of activity values
is constructed (11) based on a number of blocks for each
computed activity value and a quantization parameter is
assigned (13) to each class. At least one block of said
image is coded into said bitstream using a quantization
parameter assigned (14) to the class to which the block
belongs.
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Description
1. Technical field
[0001] A method and an apparatus for coding an image into a bitstream are disclosed.
2. Background art

[0002] Digital images and video sequence need a lot of resources for storage and transmission and thus image and
video compression techniques are needed for reducing bandwidth and storage space.

[0003] Video coding schemes are already known, such as HEVC ("High Efficiency Video Coding) or VP9. In such
schemes, a video sequence is coded frame by frame. Each frame is decomposed into a set of blocks. In order to reduce
the number of bits used for coding each block, such schemes perform lossy coding using a quantization tool. A quantization
tool compresses a range of values to a single quantum value. In video compression schemes, such as VP8 or VP9 for
instance, adaptive quantization is performed at a block level. The blocks are classified into up to 8 different segments,
each segment having its own quantization parameter set. For example, the blocks are classified according to an energy
measure computed on the luminance values of the block. However, in such schemes, uniform quantization of the
quantizer is performed as the segments are decided using fixed threshold. For a set of 8 segments, the whole range of
energy measures is divided into 8 ranges of equal width. Therefore, such a method is not efficient in terms of adaptation
of the quantization according to image content. Furthermore, such a method of adaptive quantization performed on a
block level may impact a rate control algorithm performed at a group of frames (GOF) level. Indeed, the total rate of a
frame coded using an adaptive quantization technique may dramatically change with respect to the total rate of the same
frame coded using a non-adaptive quantization technique.

3. Summary

[0004] According to an aspect of the present principle, a method for encoding an image into a bitstream is disclosed.
Said image comprises a set of blocks. The method comprises the following steps:

- for each block of the image, computing an activity value,

- constructing a set of classes of blocks based on a number of blocks for each computed activity value,

- assigning a quantization parameter to each class,

- coding into said bitstream at least one block of said image using a quantization parameter assigned to the class to
which the block belongs.

[0005] The present disclosure allows to take into account activity values of blocks for determining quantization pa-
rameters to be used for coding a block. A set of classes is constructed by taking into account a number of blocks for
each computed activity value, i.e. by taking into account the histogram of activity values for the frame to encode. Thus,
the content of the frame to encode is taken into account when constructing the set of classes for quantization.

[0006] A class from such a set of classes is defined by a range of activity values. A block is assigned to the class for
which its activity value is inside the range of the class. A range of a class defines a width of the class. Such a width
corresponds to the distance between the two extreme values of the range. The width could be fixed or variable between
classes. The range of the classes could be computed uniformly across the distribution or centered on a central activity
value. Such a central activity value could be fixed or computed from the distribution. A fixed central activity value
corresponds to an activity value for which a human visual system distinguishes low activity from high activity. Therefore,
such a fixed central value may not always correspond to a center of the distribution of activity values.

[0007] The activity of a block could be measured by any computation means, for instance by computing energy in the
blocks. The higher the activity isin a block, the less quantization artifacts are visible in that block. Therefore, the assignment
of quantization parameters to each class takes into account the range of activity values for the set of classes.

[0008] According to one embodiment, the constructing step comprises:

- determining a central activity value, said central activity value being a center between a first activity value and a
second activity value,

- determining a fixed width for each class depending at least on said first activity value and said second activity value,
and

- determining a range of each class from said width and said central value.

[0009] According to this embodiment, a central class is determined according to the content of the image to encode
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and the width of each class is constant, except at the extremities of the activity value distribution. This embodiment
allows to distribute the constructed classes according to a center value and thus to adapt the position of the class
according to the distribution of the activity values.

[0010] According to one embodiment, each class comprises a same number of blocks.

[0011] According to this embodiment, the construction of the set of classes is quantile-based. The central class is then
deduced from the quantile. For instance, the central value is taken as the median of the distribution of blocks according
to activity value.

[0012] According to one embodiment, the constructing step comprises:

- determining, for each class of a first subset of classes, a range of activity values depending on a number of blocks
having an activity value lower than a central value, each class of said first subset of classes having a same first
number of blocks, and

- determining, for each class of a second subset of classes, a range of activity values depending on a number of
blocks having an activity value higher than said central value, each class of said second subset of classes having
a same second number of blocks.

[0013] According to this embodiment, the set of classes is constructed from two subsets of classes located at each
side of a central value of the activity values distribution. Such a central value corresponds to an activity value for which
a human visual system distinguishes low activity from high activity. Therefore, such a central value may not correspond
to a center of the distribution of activity values.

[0014] According to one embodiment, the quantization parameter is assigned for at least one part of the classes
according to a monotonic increasing function of the activity.

[0015] According to a variant, the constructing step comprises:

- determining a last low class from the set of constructed classes, wherein said last low class comprising a low activity
value, a class wherein a highest activity value is below the lowest activity value of the last low class is called a very
low activity class, and a class wherein a lowest activity value is equal or higher than the higher activity value of the
last low class is called a normal activity class,

- for each very low class:

e determining a new range of activity values depending on the lowest activity value of said last low class and on
a width determined from at least a width of a normal activity class,

e  assigning a quantization parameter equal to a quantization parameter of a normal class which is a symmetric
class of the very low class with respect to to the last low class.

[0016] According to this embodiment, the quantization parameters are adapted for the classes corresponding to very
low activity. In such classes, the measured activity may correspond to noise rather than useful block information to be
coded. Thus, it is not necessary to use a lot of bits for encoding such blocks. This embodiment allows using higher
quantization parameter for such kind of blocks.

[0017] According to one embodiment, the number of classes in the set of classes depends on a number of available
index parameters coded in a slice header of the frame. Such number of classes may be equal or lower than the number
of available index parameters.

[0018] An apparatus for encoding an image into a bitstream is disclosed, said image comprising a set of blocks. The
apparatus comprises:

- means for computing an activity value for each block of the image,

- means for constructing a set of classes of blocks based on a number of blocks for each computed activity value,

- means for assigning a quantization parameter to each class,

- means for coding into said bitstream at least one block of said image using a quantization parameter assigned to
the class to which the block belongs.

[0019] In a variant, said apparatus further comprises:

- means for determining a central activity value, said central activity value being a center between a first activity value
and a second activity value,

- means for determining a fixed width for each class depending at least on said first activity value and said second
activity value, and

- means for determining a range of each class from said width and said central value.
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[0020] In a variant, each class comprises a same number of blocks.
[0021] In another variant, the apparatus further comprises:

- means for determining, for each class of a first subset of classes, a width depending on a number of blocks having
an activity value lower than a central value, each class of said first subset of classes having a same first number of
blocks, and

- means for determining, for each class of a second subset of classes, a width depending on a number of blocks
having an activity value higher than said central value, each class of said second subset of classes having a same
second number of blocks.

[0022] According to one embodiment, the quantization parameter is assigned for at least one part of the classes
according to a monotonic increasing function of the activity.
[0023] According to one embodiment, said apparatus further comprises:

- means for determining a last low class from the set of constructed classes, wherein said last low class comprising
a low activity value, a class wherein a highest activity value is below the lowest activity value of the last low class
is called a very low activity class, and a class wherein a lowest activity value is equal or higher than the higher
activity value of the last low class is called a normal activity class,

- means for determining, for each very low class, a new range of activity values depending on the lowest activity value
of said last low class and on a width determined from at least a width of a normal activity class,

- means for, assigning, for each very low class, a quantization parameter equal to a quantization parameter of a
normal class which is a symmetric class of the very low class with respect to the last low class.

[0024] The presentembodimentalso provides a computer readable storage medium having stored thereon instructions
for encoding an image according to any one of the embodiments described in the disclosure.

[0025] A bitstream representative of a coded image is also disclosed, said bitstream comprising coded data repre-
sentative of at least one block of said image, wherein said coded data has been obtained by any one of the embodiments
disclosed herein.

A non-transitory processor readable medium having stored thereon a bitstream is disclosed wherein the bitstream
comprises coded data representative of at least one block of said image, wherein said coded data has been obtained
by any one of the embodiments disclosed herein.

[0026] According to one implementation, the different steps of the method for encoding an image as described here
above are implemented by one or more software programs or software module programs comprising software instructions
intended for execution by a data processor of an apparatus for encoding an image, these software instructions being
designed to command the execution of the different steps of the methods according to the present principles.

[0027] A computer program is also disclosed that is capable of being executed by a computer or by a data processor,
this program comprising instructions to command the execution of the steps of a method for encoding an image.
[0028] This program can use any programming language whatsoever and be in the form of source code, object code
or intermediate code between source code and object code, such as in a partially compiled form or any other desirable
form whatsoever.

[0029] The information carrier can be any entity or apparatus whatsoever capable of storing the program. For example,
the carrier can comprise a storage means such as a ROM, for example a CD ROM or a microelectronic circuit ROM or
again a magnetic recording means, for example a floppy disk or a hard disk drive.

[0030] Again, the information carrier can be a transmissible carrier such as an electrical or optical signal which can
be conveyed via an electrical or optical cable, by radio or by other means. The program according to the present principles
can be especially uploaded to an Internet type network.

[0031] As an alternative, the information carrier can be an integrated circuit into which the program is incorporated,
the circuit being adapted to executing or to being used in the execution of the methods in question.

[0032] According to one embodiment, the methods/apparatus may be implemented by means of software and/or
hardware components. In this respect, the term "module” or "unit" can correspond in this document equally well to a
software component and to a hardware component or to a set of hardware and software components.

[0033] A software component corresponds to one or more computer programs, one or more sub-programs of a program
or more generally to any element of a program or a piece of software capable of implementing a function or a set of
functions as described here below for the module concerned. Such a software componentis executed by a data processor
of a physical entity (terminal, server, etc.) and is capable of accessing hardware resources of this physical entity (mem-
ories, recording media, communications buses, input/output electronic boards, user interfaces, etc.).

[0034] Inthe same way, a hardware component corresponds to any element of a hardware unit capable ofimplementing
a function or a set of functions as described here below for the module concerned. It can be a programmable hardware
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component or a component with an integrated processor for the execution of software, for example an integrated circuit,
a smartcard, a memory card, an electronic board for the execution of firmware, etc.

4. Brief description of the drawings
[0035]

Figure 1 is aschematic block diagram illustrating an embodiment of the method for encoding animage into a bitstream.
Figures 2A-C are schematic block diagrams illustrating embodiments of the construction of a set of classes of activity
values computed for blocks of an image to encode.

Figure 3 is a schematic block diagram illustrating a further embodiment for encoding an image into a bitstream.
Figure 4 is a schematic block diagram illustrating an exemplary video encoding method in which the present principle
could be implemented.

Figure 5is a schematic block diagramillustrating an exemplary video decoding method adapted to decode a bitstream
encoded using the present principle.

Figure 6 is a schematic block diagram illustrating an exemplary apparatus for encoding an image into a bitstream.
Figure 7A-C are illustrative histograms illustrating the construction of the set of classes and quantization parameter
assignment according to the embodiments for encoding an image into a bitstream disclosed herein.

5. Description of embodiments

[0036] Figure 1 is a schematic block diagram illustrating an embodiment of the method for encoding an image | into
a bitstream. The image | could be a single still image, or could be part of a video comprising multiple images to encode.
Thus, the present principles also apply to video encoding. The image | is partitioned into a set of blocks. The blocks
could be of any size, for instance ranging from size 4x4 pixels to 64x64 pixels or higher.

[0037] In astep 10, an activity value is computed for each block of the image.

[0038] The activity value could be computed using a spatial activity measure (SAM) coupled to an edge measure
(EDM). The SAM measure corresponds to the sum of horizontal and vertical luminance gradients, a gradient being the
absolute difference between two consecutive pixels of the image. The SAM measure is thus obtained for a current block
b, by the following equation:

S Y AN -1+ L)+ S T R 1) -1+ )

SAM (x,y) = (H=1)xW+HxX(W-1) ’

where | is the image signal which is classically the luminance of the image |, but can be extended to other component,
e.g. chroma components. x and y represent the position of the top left corner of the current block b in the image I, W
and H are respectively the width and height of the current block b.

[0039] The EDM measure for the current block b is given by the following equation:

T maxlly 2160 -1+ L)+ iyt max L2 1(1) -1, +1)|
H+W

EDM(x,y) =

where | is the image signal which is classically the luminance of the image I, but can be extended to other component,
e.g. chroma components. x and y represent the position of the top left corner of the current block b in the image I, W
and H are respectively the width and height of the current block b.

[0040] When the SAM measure is high, it means that texture activity is high over the region of the block, i.e. there are
many differences between neighboring pixels. When EDM is high, there are strong edges in the region of the block.
[0041] Inboth cases, the functions SAM and EDM are respectively normalized by the number of computed differences,
which involves that EDM is by nature greater than or equal to SAM. When EDM minus SAM is low, the region of the
block contains a high activity but no predominant edges. By setting a threshold on EDM minus SAM, the block comprising
strong edges could be distinguish from the blocks comprising flat sub-regions, which are expected to be coded at a high
quality. On the other hand, a block comprising high activity that have a low EDM minus SAM is an active noisy region
that can be more severely quantized, since quantization artifacts in this block are less visible.

[0042] An activity value A for a block b is thus deduced from the SAM and EDM measures computed for the block b
by the relation:
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|EDM—SAM]|
A=V(l-a——

s( EDM ),
where « is a fixed weighing parameter and V stands for the variance function of the block b.
[0043] Alternatively, the activity value A could be deduced by the relation:

A= SAMX(1 — g E2M=5AM)y

EDM
where o is a fixed weighing parameter.
[0044] According to another alternative, the activity value for the blocks of the image can be computed using a texture
complexity measure (TCM).
[0045] Such TCM measure first computes the gradient of the texture of a current block b. For each pixel p in a block
b, a neighborhood window is defined, for example a 3x3 pixels neighborhood, centered on the pixel p. Absolute values
of gradients with neighbors from the neighborhood window are computed and accumulated for each directions. For
instance, for a 3x3 neighborhood, there are 4 directions: an horizontal direction, a vertical direction, and two oblique
directions.
[0046] The gradient g for a pixel at location (x,y) is computed as:

g(x,y) = minpeo Bkepll (k) — 1(k + 1)]),

where (x,y) is the center of the neighbourhood, D is the set of pixels in orientation O, k is the kth pixel on the line D. The
gradient g is high if the texture is complex, and low if one direction has no contrast (uniform block, stripes, line, edge...).
[0047] Then, the TCM measure for a block is computed by:

N+p-1M+p-1
DI

_ Zimp Lj——p 9WHLYH))
TCM(Y) = — g xorion

where (x,y) is the first pixel of block b of size MxN, p is an integration neighborhood parameter, for instance p=2.
[0048] The activity value A of block b is then equal to the TCM measure computed for the block b. Other methods are
possible for computing the activity value of a block b. For example, Canny edge detector with Gaussian filtering can be
used or DCT (for Discrete Cosine Transform) transform may be used. Another method for computing activity value of a
block is to compute the energy of the block from the value of the pixels of the block, for instance by the average sum of
the squared luminance from each pixel of the block.

[0049] Once, an activity value A, has been computed for each block b of the image, in a step 11, a set of classes of
activity value is constructed based on a number of blocks for each computed activity value. In step 11, the classes of
activity values are constructed by taking into account the number of blocks having a same value of activity value. Step

11 outputs a set {Ci}l_\lbo—l of classes, where Nb is the number of classes of the set, for instance Nb equals 7. Each
1=

class C; of the set has a range Al i, Aiax] Of activity values. Figures 2A-C illustrate embodiments for implementing the

step 11 for constructing of the set of classes.

[0050] In a step 12, the blocks of the image are assigned to a class C; depending on the activity value of each block.
In step 12, a block b is assigned to a class C; having a range of activity values JAi;,, Al .. ], if the activity value A of the
block is comprised in the range JAT ., Al ..

[0051] In a step 13, a quantization parameter QP; is assigned to each class C; of the set of classes. According to an
embodiment, for at least one part of the classes of the set, the quantization parameters QP; are assigned to the classes
according to a monotonic increasing function of the activity value. For instance, a fixed set of quantization parameters
is provided. Such a set of quantization parameters may be determined as default settings of an image encoder.
[0052] For instance, figure 7A illustrates an histogram of the activity values computed for the image |. The histogram
from figure 7A illustrates on the vertical axis the number of blocks for each value of activity (horizontal axis) according
to a chosen metric. Here, a set of 7 classes has been used. Ranges of classes as determined in step 11 are also shown
with dashed vertical lines and classes index at the bottom of the figure 7A. The assigned QP for each class is also
illustrated in figure 7A as a function of activity value.
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[0053] Table 1 summarizes the assignment of quantization parameters for the set of classes as illustrated in figure 7A.

Table 1
Class 0 1 2 3 4 5 6
Range | [min, 5.83] | 15.83,6.57] | 16.57,7.13] | 17.13,8.87] | 18.87,9.65] | ]9.65, 10.43] | ]10.43, max]
QP 26 42 71 131 193 224 255

[0054] In table 1, the value "min" may correspond to the minimum activity value computed for a block in the current
image or to a value 0, and the value "max" may correspond to the maximum activity value computed for a block in the
current image or to 14 for this particular activity function.

[0055] In a step 14, at least one block of the image | is coded using the quantization parameter assigned to the class
to which the block belongs. The coding of a block is further described with reference to figure 4.

[0056] Step 11 of figure 1 is further described here in relation with figures 2A-C.

[0057] Figure 2A illustrates an embodiment for constructing the set of classes of activity values in which a central class
is determined according to the content of the image. The content of the image is here represented by the computed
activity values for each block of the image.

[0058] In a step 20, an histogram of the computed activity values is computed. For that, the number of blocks of the
image | having a same value of activity value A is counted. The histogram thus comprises for each activity value computed
a number of blocks of the image having a same value of activity value.

[0059] In a step 21, a central activity value C from the activity values is determined. Such a central value corresponds
here to the center of the distribution. The central activity value is a center between a first activity value L and a second
activity value H.

[0060] According to an embodiment, such a central activity value C can be computed by determining the center
between a first peak L detected from the left side of the histogram and a second peak H detected from the right side of
the histogram, using a peak detector forinstance. Such a peak detector seeks the value L, respectively H, in the histogram,
for which the number of blocks is a local maximum starting from the minimum activity value (from the left side of the
curves), respectively maximum (from the right side of the curves), and going to the middle of the activity values.
[0061] Alternatively, the central activity value C is determined as being the center between the first x-quantile L and
last x-quantile H of the histogram. For instance, x is fixed to 100 so as to get the first 1% and 99% of the histogram.
[0062] The central value Cis then obtained by: C= L+((H-L)/2). For instance, for L=5,89 and H=10,96, C equals to 8,43.
[0063] In a step 22, a fixed width WC for each class is determined. Such a width WC depends at least on the first
activity value L and the second activity value H.

[0064] The width of the classes is obtained by: WC=max(W ;,, (H-L)/(Nb-1)), where W_,;, is a minimal width for a
class, Nb is the number of classes of the set, and L and H the first and second activity values used for determining the
central activity value C. For instance, W,,;,=0,5, and for Nb=7, WC=0,85.

[0065] In a step 23, a range of each class is determined from the width WC and the central activity value C.

[0066] Therange ofaclassi, i =0 to Nb-1, is obtained as follows using the width WC of each class determined at step
22, and the central class comprising the central value C being defined for an index i =int(Nb/2), where int() stands for
the integer function:

if i equals 0, i.e. for the class having the lowest values of activity in its range, the range of class i is min,
wc , ,
C—T—(lc—l—l)XWC] ,
if i higher than 0 and lower or equal to i;, the range of class i is ]C—ﬂ—(ic—i)XWC,C—
2

2 lie-i- 1)><WC],

if i is higher than i,, and i lower than Nb-1, the range of class i is ]C +ﬂ+ (i—-1-i)xwWc,C+
2 )

wc .
T+ (i— lc)XWC],
if i equals Nb-1, i.e. for the class having the highest values of activity in its range, the range of class i is

]C + we + (i —1- N_b) xW<C max] An illustrative example of a set of classes constructed according to this
2 ' )
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embodiment is disclosed in figure 7B.

[0067] This embodiment allows defining the ranges of the classes according to a central value of the activity values
distribution in the image to encode. Thus, the classes are determined according to the content of the image to encode.
Therefore, when the image is encoded, adaptive quantization based on the content of the image can thus be performed
using the determined set of classes.

[0068] Figure 2B illustrates an embodiment for constructing the set of classes of activity values in which each class
comprises a same number of blocks.

[0069] In a step 25, an histogram of the computed activity values is computed. For that, the number of blocks of the
image | having a same value of activity value A is counted. The histogram thus comprises for each activity value computed
a number of blocks of the image having a same value of activity value.

[0070] In a step 26, a number of blocks per class Ny, is determined using the number Nb of target classes. For
instance, if the number Nb of target classes is 7 and the number of blocks in the image is 2040 corresponding to an
image of size 1920x1080 pixels divided into blocks of size 32x32 pixels, the number of blocks per class Nigget is
determined as 292.

[0071] Such a number of blocks per class N6t is determined in order to construct the class using the Nb-quantile
of histogram.

[0072] Instep 27, the ranges of each class are determined so that the number of blocks in each class is approximately
292. The following procedure could be used:

variables a,;;, and a,,, are first initialized to the extreme activity values computed in the image, respectively to min
and max values.

[0073] Foreach class i from 0 to Nb-1: a variable nbb is initialized to 0, and if i is not equal to 0 a,;, is set to the value
of the variable a,,,.

[0074] Then for each activity value of a from a = ap, to @,y and until nbb is lower than Ny get, the number of blocks
for the activity value a is accumulated into nbb, i.e. nbb += hist(a), where hist() stands for the value of the histogram for
activity value a. When nbb is higher or equals to Ni;ger, @max is set to the value of a for which nbb passes the threshold
Ntarget'

[0075] The range for class i is thus defined by the values Ja.i,,8maxl-

i is incremented and the range for the next class is determined by repeating the above steps. The ranges of the first
class (i=0) and last class (i=Nb-1) are set adapted so as to comprise respectively the lowest activity value (min) and
highest activity value (max).

[0076] Figure 2C illustrates an embodiment for constructing the set of classes of activity values wherein the set of
classes is divided into a first and a second subsets relatively to a central class. The central class is determined as the
class comprising a central activity value C. In this embodiment, the central activity value C is predefined by default as
corresponding to an activity value for which a human visual system distinguishes low activity from high activity. Such a
central activity value C may be determined empirically using a training set of images or video sequence. Therefore, in
the present embodiment, such a central activity value may not correspond to a center of the distribution of activity values.
[0077] In a step 28, an histogram of the computed activity values is computed. For that, the number of blocks of the
image | having a same value of activity value A is counted. The histogram thus comprises for each activity value computed
a number of blocks of the image having a same value of activity value. If the number of classes in the set is Nb, thus
the number of classes in the first subset, also referred as low activity subset, is set to int(Nb-1)/2, and the number of
classes in the second subset, also referred as high activity subset, is set to int(Nb-1)/2. When Nb is even, one more
class can be added in the low activity subset or in the high activity subset. In a step 29, a number Ny, of blocks having
a low activity is determined. For that, the number N,,,, is set as the number of blocks for which the activity value is lower
than C.

[0078] In a step 30, for each class of the first subset of classes, a range of activity values is determined depending
on the number N,,,,. According to this embodiment, each class of the first subset of classes has a number of blocks
closetoN,,,,/(Nb/2). The ranges of the classes of the first subset are thus determined using the Nb/2-quantile of histogram.
Theranges can thus be determined in a similar way as described in relation with figure 2B for a set of classes corresponding
to the first subset, a target number of blocks per class set to N,,,,/(Nb/2) and activity values ranging from min to C.
[0079] Inastep 31, a number Ny, of blocks having a high activity is determined. For that, the number Ny, is set as
the number of blocks for which the activity value is higher than C.

[0080] In astep 32, for each class of the second subset of classes, a range of activity values is determined depending
on the number Ny According to this embodiment, each class of the second subset of classes has a number of blocks
close to Np,jgn/(Nb/2). The ranges of the classes of the second subset are thus determined using the Nb/2-quantile of
histogram. The ranges can thus be determined in a similar way as described in relation with figure 2B for a set of classes
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corresponding to the second subset, a target number of blocks per class set to Nhigh/(Nb/Z) and activity values ranging
from C to max.

[0081] In a step 33, the range of the central class is determined so that said central class has a number of blocks
close to (Nj5,,/(Nb/2)+ Ny, /(Nb/2))/2.

[0082] Figure 3 is a schematic block diagram illustrating a further embodiment for encoding an image into a bitstream.
According to this embodiment, the quantization parameters are adapted for the classes corresponding to very low activity.
In such classes, the measured activity may correspond to noise rather than useful block information to be coded. Thus,
it is not necessary to use a lot of bits for encoding such blocks. This embodiment allows using higher quantization
parameter for such kind of blocks. A low activity value a,, is set, representing a threshold below which activity values
are considered as very low activity value. The perceptual quality for such very low activity values is not completely
monotonic and thus the assigned of quantization parameters for these very low activity values should be adapted for
better compression efficiency. The present embodiment adapts the classes determined in preceding steps as disclosed
in relation with figure 1.

[0083] The low activity value a,,, can be set by default (determined empirically for example) or determined from the
histogram for instance as the first peak of activity value L from the left side of the histogram that is higher than a determined
threshold.

[0084] The following steps of the present embodiment may be performed subsequent to step 13 of assigning quanti-
zation parameter and before step 14 of coding a block, which are described above in relation with figure 1.

[0085] In a step 35, alow class i, is determined from the set of classes. Such a low class i, is the class comprising
the low activity value a,.

[0086] Here, a class whose highest activity value is below the lowest activity value (a,(ijzst)) Of the low class i, is
called a very low activity class, and a class whose lowest activity value is equal or highest than the higher activity value
(amax(iiast)) Of the low class i is called a normal activity class.

[0087] In a step 36, for each very low class, a new range of activity values is determined depending on the lowest
activity value of said low class i,; and a width W,,,,, determined from at least a width W, of a normal activity class.
[0088] For instance, the width W,,,,, is determined as being equal to an average width computed from the width of
the normal classes or to an average width computed from the width of the normal classes which are higher than the
central class of the set of classes, or to the width of the central class. Here, width denotes the size of the range of a
class and can be computed as a,,3,-8min-

[0089] The range of a very low class i can thus be determined as:

]amin(ilast) - Wvlowx(ilast - i)’ Unin (ilast) - Wvlowx(ilast - (i + 1)) ],

[0090] In a step 37, a new quantization parameter is assigned to each very low class. For each very low class, the
new quantization parameter equals to the quantization parameter of the normal class which is the symmetric class of
the very low class with respect to the low class i4g;.

[0091] Inthe example of table 1 given above, if a,, is set to a value of 7.0, the last class is the class with index 2. The
very low classes are the classes with index 0 and 1. Quantization parameter for class 0, respectively class 1, is set to
the quantization parameter of class 4, respectively 3, as shown in table 2 below. Table 2 also discloses the adapted
ranges for very low activity classes as determined in step 36, for a value of W,,,,, set to 1,38. Figure 7C illustrates the
adapted ranges and quantization parameter (Qp) of the set of classes illustrated in figure 7A, according to this embod-
iment.

Table 2
Class 0 1 2 3 4 5 6
Range | [min, 5.19] | 15.19,6.57] | 16.57,7.13] | ]7.13,8.87] | 18.87,9.65] | 19.65, 10.43] | 110.43, max]
QP 193 131 71 131 193 224 255
[0092] The class of index 1 is assigned the same quantization parameter as the class of index 3 which is the class

that occupies a position that is symmetric to the position of the class 1 with respect to the class 2. In the same way, the
class of index 0 is assigned the same quantization parameter as the class of index 4 which is the class that occupies a
position that is symmetric to the position of the class 1 with respect to the class 2.

[0093] Figure 4 is a schematic block diagram illustrating an exemplary video encoder 102 in which the present principle
could be implemented. Such a video encoder 102 performs the encoding of a set of pictures of a video into a bitstream
according to an embodiment of the present principle. The video encoder 102 performs the encoding of the pictures
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according to any video coding standards suchas H.266, HEVC/H.265, AVC/H.264 or any proprietary video coding system.
[0094] Classically, the video encoder 102 may include several modules for block-based video encoding, as illustrated
in figure 4. A picture PIC to be encoded is input to the encoder 102. The encoder 102 comprises a mode selection unit
for selecting a coding mode for a block of a picture to be coded, e.g. based on a rate/distortion optimization, such a
mode selection unit comprising:

- amotion estimation module for estimating motion between one current block of the picture to be coded and reference
pictures,

- amotion compensation module for predicting the current block using the estimated motion,

- anintra prediction module for spatially predicting the current block.

[0095] The mode selection unit delivers prediction blocks PRED and the corresponding syntax elements to be coded
in the bitstream for performing the same block prediction at the decoder. Residual blocks RES are then obtained from
the blocks of the picture to be coded and the prediction blocks PRED. The residual blocks RES are transformed by a
transform processing module and quantized by a quantization module delivering quantized residual transform coefficients
COEF.

[0096] In the present disclosure, the residual blocks RES are quantized after transformation using a quantization
parameter OP assigned to the blocks as disclosed with figure 1 or 3.

[0097] The syntax elements and quantized residual transform coefficients COEF are then inputted to an entropy coding
module to deliver coded video data.

[0098] The quantized residual transform coefficients COEF are processed by an inverse quantization module and
inverse transform module for reconstructing residual blocks RES’. Inverse quantization of coefficients of a block is
performed using the quantization parameter OP assigned to the block as disclosed with figure 1 or 3.

[0099] Prediction blocks PRED are added to the reconstructed residual blocks RES’ for reconstructing blocks forming
areconstructed current picture REC. The reconstructed current picture REC is then added to a reference frame memory
for later use as a reference picture for encoding the following pictures of the video content.

[0100] The construction of the set of classes and assignment of quantization parameter to the blocks of the image
may be performed in a first coding pass of the encoder, before the mode selection unit performs mode selection for a
block to be coded or before the picture PIC to encode is input to the encoder 102. The encoder 102, then, uses the
quantization parameter assigned in step 13 of figure 1 or step 37 of figure 3 when quantizing the coefficients of a current
block to encode.

[0101] According to an embodiment, the present principle could be implemented in a video coding standard such as
VP9 (VP9 bitstream overview draft-grange-vp9-bitstream-00, A. Grange, H. Alvestrand, Google, February 18, 2013). In
such a video coding scheme, a slice header is coded for each picture PIC to encode. Such a slice header comprises
segmentation features allowing each block of the picture PIC to specify a segment ID to which it belongs. For instance,
coding a segmentation map of the blocks of the picture PIC provides this feature. This segmentation map comprises an
index assigned to each block of the picture PIC. For each segment, the slice header conveys common features that are
applied to all blocks belonging to the same segment ID. Examples of information that can be conveyed for a segment
include: restrictions on the reference frames that can be used for each segment, coefficients skips, quantization param-
eter, loop filter strength, transform size options.

[0102] When the present disclosure is implemented in such a standard, the set of classes and assigned quantization
parameters to the blocks of the picture can thus be coded using the segment features. The target number of classes is
thus dependent on the number of available segments in the slice header, as other encoding parameters may use such
segment features for signaling. The number of classes may be equal or lower than the number of available index
parameters.

[0103] According to another embodiment, the quantization parameter assigned to each block can be coded in the
form of a difference between a default quantization parameter assigned to the picture PIC and the assigned quantization
parameter. The default quantization parameter may be coded in the slice header or is known on the decoder side.
[0104] Figure 5 is a schematic block diagram illustrating an exemplary video decoder method adapted to decode a
bitstream encoded using the present principle. A bitstream representative of a coded image or video comprises coded
data representative of at least one block of said image or video, wherein said block has been coded according to an
embodiment of the present disclosure. The bitstream also comprises coded data representative of quantization param-
eters assigned according to an embodiment of the present disclosure.

[0105] The coded data is passed to the video decoding modules of the video decoder 105. As illustrated in figure 5,
coded data is passed to an entropy decoding module that performs entropy decoding and delivers quantized coefficients
COEF to an inverse quantization module and syntax elements to a prediction module. The inverse quantization module
uses the same quantization parameters as those assigned to the blocks in an embodiment of the present disclosure.
Such quantization parameters are retrieved by the decoder according to the method used for coding them, by adding a
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default quantization parameter to a decoded difference from syntax elements coded with the block or by using the
segment features coded in the slice header for the segment ID to which the block belongs.

[0106] The quantized coefficients COEF are inverse quantized by the inverse quantization module and inverse trans-
formed by an inverse transform module delivering residual blocks data RES’. The prediction module builds prediction
blocks PRED according to the syntax element and using a motion compensation module if a current block has been
inter-predicted or an intra prediction module if the current block has been spatially predicted. A reconstructed picture
D_PIC is obtained by adding prediction blocks PRED and residual blocks RES’. The reconstructed picture D_PIC is
added to a reference frame memory for later use as reference frame. The reconstructed picture D_PIC is then outputted
by the video decoder 105.

[0107] The decoder 105 may be implemented as hardware or software or a combination of hardware and software
thereof.

[0108] Figure 6 is a schematic block diagram illustrating an exemplary apparatus (ENCODER) for encoding an image
into a bitstream according to an embodiment. Such an apparatus for coding a image is configured to implement the
method for coding an image according to the present principles which has been described here above in reference with
figures 1 to 4. The encoder apparatus of figure 6 may be as an example the encoder 102 as described in figure 4. In
the example shown in figure 6, the encoder apparatus comprises a processing unit PROC equipped for example with
a processor and driven by a computer program PG stored in a memory MEM and implementing the method for coding
an image according to the present principles.

[0109] The encoder apparatus ENCODER is configured to:

- compute an activity value for each block of the image,

- construct a set of classes of blocks based on a number of blocks for each computed activity value,

- assign a quantization parameter to each class,

- encode into said bitstream at least one block of said image using a quantization parameter assigned to the class to
which the block belongs.

[0110] At initialization, the code instructions of the computer program PG are for example loaded into a RAM (not
shown) and then executed by the processor of the processing unit PROC. The processor of the processing unit PROC
implements the steps of the method for coding an image which has been described here above, according to the
instructions of the computer program PG.

[0111] Optionally, the encoder apparatus ENCODER comprises a communications unit COM to transmit an encoded
bitstream to a decoder.

[0112] The encoder apparatus ENCODER also comprises an interface (not shown) for receiving a picture to be coded.

Claims
1. A method for encoding a block of an image into a bitstream said method comprising:

- computing (10), for each block of a plurality of blocks of said image, an activity value,

- constructing (11) a set of Nb classes of blocks based on said computed activity values,

- assigning (13) a quantization parameter to each class, wherein assigning a quantization parameter is done
according to a monotonic increasing function of the activity value for at least one part of the classes,

- coding (14) into said bitstream at least one block of said image using a quantization parameter assigned to
the class to which the block belongs.

2. The method for encoding according to claim 1, wherein constructing a set of classes of blocks comprises:

- determining (20) an histogram of computed activity values;

- determining (21) a central activity value C of said histogram, said central activity value being a center between
afirst activity value L and a second activity value H, wherein the first activity value is an activity value associated
with a peak on the left side of the histogram or is an activity value corresponding to the first x-quantile of the
histogram and the second activity value is an activity value associated with a peak on the right side of the
histogram or is an activity value corresponding to the last x-quantile of the histogram,

- determining (22) a class width WC, wherein WC=max(Wy;,, (H-L)/(Nb-1)), where W,;, is a minimal width for
a class, and

- determining (23) a range of activity value for each class from said fixed width and from said central activity
value as follows, wherein the classes of the set being indexed from 0 to Nb-1, ic is the index of a central class
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comprising the central activity value C, min is a lowest activity value in said image and max is a highest activity
value in said image:

the range of the class of index 0 is set equal to [min,C-WC/2-(i_c-1)xXWC],

the range of a class of index i, with O<i< ic, is set equal to ]C-WC/2-(i_c-i) XWC,C-WC/2-(i_c-i-1) X WC],
therange of aclass ofindexi, withic<i< Nb-1, is set equal to] C+WC/2+(i-1-i_c) X WC,C+WC/2+(i-i_c) X WC],
the range of the class of index Nb-1 is set equal to]C+WC/2+(i-1-Nb/2) X WC,max].

3. The method for encoding according to claim 1, wherein said constructing a set of classes of blocks comprises:

- determining (28) an histogram of computed activity values;

- determining (29, 31) the number of blocks N, for which the activity value is lower than a central activity value
C and the number of blocks Ny, for which the activity value is higher than a central activity value C;

- determining (30), for each class of a first subset of classes with activity values ranging from a lowest activity
value in said picture to C, a range of activity values depending on N,,, so that each class of said first subset of
classes has a number of blocks close to N, /(Nb/2), and

- determining (32), for each class of a second subset of classes with activity values ranging from C to a highest
activity value in said picture, a range of activity values depending on Nhigh so that each class of said second
subset of classes has a number of blocks close to Ny, /(Nb/2)

- determining a range of activity values for a central class comprising the central activity value so that said
central class has a number of blocks close to (Njq,,/(Nb/2)+ Ny,ig, /(Nb/2))/2.

4. The method for encoding according to any one of claims 1 to 3, wherein said method for encoding further comprises:

- determining (35) a low class, called last low class, from the set of constructed classes, wherein said last low
class comprises a low activity value and wherein a class whose highest activity value is below the lowest activity
value of the last low class is called a very low activity class, and wherein a class whose lowest activity value is
equal or higher than the highest activity value of the last low class is called a normal activity class,

- determining (36), for each very low class, a new range of activity values depending on the lowest activity value
of said last low class and on a width, said width being equal to an average of the widths of normal classes or
to a width of the central class, and

- assigning to each very low class a quantization parameter equal to a quantization parameter of a normal class
which is a symmetric class of the very low class with respect to the last low class.

5. The method for encoding an image according to any one of claims 1 to 4, wherein the number of classes in the set
of classes depends on a number of available index parameters coded in a slice header of the frame.

6. An apparatus (ENCODER) for encoding an image into a bitstream, said image comprising a set of blocks, said
apparatus comprising:

- means for computing (PROC, MEM, PG), for each block of a plurality of blocks of said image, an activity value,
- means for constructing (PROC, MEM, PG) a set of Nb classes of blocks based on said computed activity values,
- means for assigning (PROC, MEM, PG) a quantization parameter to each class, wherein assigning a quanti-
zation parameter is done according to a monotonic increasing function of the activity value for at least one part
of the classes,

- means for coding (PROC, MEM, PG) into said bitstream at least one block of said image using a quantization
parameter assigned to the class to which the block belongs.

7. The apparatus for encoding according to claim 6, wherein said means for constructing a set of classes of blocks
comprises:

- means for determining an histogram of computed activity values;

- means for determining a central activity value C of said histogram, said central activity value being a center
between a first activity value L and a second activity value H, wherein the first activity value is an activity value
associated with a peak on the left side of the histogram or is an activity value corresponding to the first x-quantile
of the histogram and the second activity value is an activity value associated with a peak on the right side of
the histogram or is an activity value corresponding to the last x-quantile of the histogram,

- means for determining a class width WC, wherein WC=max(W,;,, (H-L)/(Nb-1)), where W_,;, is @ minimal
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width for a class, and

- means for determining a range of activity value for each class from said fixed width and from said central
activity value as follows, wherein the classes of the set being indexed from 0 to Nb-1, ic is the index of a central
class comprising the central activity value C, min is a lowest activity value in said image and max is a highest
activity value in said image:

the range of the class of index 0 is set equal to [min,C-WC/2-(i_c-1)xXWC],

the range of a class of index i, with 0<i<ic, is set equal to ]C-WC/2-(i_c-i) X WC,C-WC/2-(i_c-i-1) X WC],
therange of a class ofindex i, with ic<i< Nb-1, is set equal to] C+WC/2+(i-1-i_c) x WC,C+WC/2+(i-i_c) X WC],
the range of the class of index Nb-1 is set equal to]C+WC/2+(i-1-Nb/2) X WC,max].

8. The apparatus for encoding according to claim 6, wherein said means for constructing a set of classes of blocks
comprises:

- means for determining an histogram of computed activity values;

- means for determining the number of blocks Ny, for which the activity value is lower than a central activity
value C and the number of blocks Ny, for which the activity value is higher than a central activity value C;

- means for determining, for each class of a first subset of classes with activity values ranging from a lowest
activity value in said picture to C, a range of activity values depending on N, so that each class of said first
subset of classes has a number of blocks close to N, /(Nb/2), and

- means for determining, for each class of a second subset of classes with activity values ranging from C to a
highest activity value in said picture, a range of activity values depending on Ny, so that each class of said
second subset of classes has a number of blocks close to Ny, /(Nb/2)

- means for determining a range of activity values for a central class comprising the central activity value so
that said central class has a number of blocks close to (Niq,/(Nb/2)+ Ny, /(Nb/2))/2.

9. The apparatus for encoding according to any one of claims 6 to 8, wherein said apparatus for encoding further
comprises:

- means for determining a low class, called last low class, from the set of constructed classes, wherein said last
low class comprises a low activity value and wherein a class whose highest activity value is below the lowest
activity value of the last low class is called a very low activity class, and wherein a class whose lowest activity
value is equal or higher than the highest activity value of the last low class is called a normal activity class,

- means for determining, for each very low class, a new range of activity values depending on the lowest activity
value of said last low class and on a width, said width being equal to an average of the widths of normal classes
or to a width of the central class, and

- means for assigning to each very low class a quantization parameter equal to a quantization parameter of a
normal class which is a symmetric class of the very low class with respect to the last low class.

10. The apparatus for encoding an image according to any one of claims 6 to 9, wherein the number of classes in the
set of classes depends on a number of available index parameters coded in a slice header of the frame.

11. A bitstream representative of a coded image comprising coded data representative of at least one block of said
image, wherein said coded data are obtained by:

- computing, for each block of a plurality of blocks of said image, an activity value,

- constructing a set of Nb classes of blocks based on said computed activity values,

- assigning a quantization parameterto each class, wherein assigning a quantization parameter is done according
to a monotonic increasing function of the activity value for at least one part of the classes,

- coding said at least one block of said image using a quantization parameter assigned to the class to which
the block belongs.

12. The bitstream according to claim 11, wherein constructing a set of classes of blocks comprises:
- determining (20) an histogram of computed activity values;
- determining (21) a central activity value C of said histogram, said central activity value being a center between

afirst activity value L and a second activity value H, wherein the first activity value is an activity value associated
with a peak on the left side of the histogram or is an activity value corresponding to the first x-quantile of the
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histogram and the second activity value is an activity value associated with a peak on the right side of the
histogram or is an activity value corresponding to the last x-quantile of the histogram,

- determining (22) a class width WC, wherein WC=max(W y;,, (H-L)/(Nb-1)), where W,;, is a minimal width for
a class, and

- determining (23) a range of activity value for each class from said fixed width and from said central activity
value as follows, wherein the classes of the set being indexed from 0 to Nb-1, ic is the index of a central class
comprising the central activity value C, min is a lowest activity value in said image and max is a highest activity
value in said image:

the range of the class of index 0 is set equal to [min,C-WC/2-(i_c-1)xXWC],

the range of a class of index i, with 0<i<ic, is set equal to ]C-WC/2-(i_c-i) X WC,C-WC/2-(i_c-i-1) X WC],
therange of aclass ofindexi, withic<i< Nb-1, is set equal to] C+WC/2+(i-1-i_c) X WC,C+WC/2+(i-i_c) X WC],
the range of the class of index Nb-1 is set equal to]C+WC/2+(i-1-Nb/2) X WC,max].

13. The bitstream according to claim 11, wherein said constructing a set of classes of blocks comprises:

- determining (28) an histogram of computed activity values;

- determining (29, 31) the number of blocks N, for which the activity value is lower than a central activity value
C and the number of blocks Ny, for which the activity value is higher than a central activity value C;

- determining (30), for each class of a first subset of classes with activity values ranging from a lowest activity
value in said picture to C, a range of activity values depending on N, so that each class of said first subset of
classes has a number of blocks close to N, /(Nb/2), and

- determining (32), for each class of a second subset of classes with activity values ranging from C to a highest
activity value in said picture, a range of activity values depending on Nhigh so that each class of said second
subset of classes has a number of blocks close to Ny, /(Nb/2)

- determining a range of activity values for a central class comprising the central activity value so that said
central class has a number of blocks close to (Njq,,/(Nb/2)+ Ny, /(Nb/2))/2.

14. The bitstream according to any one of claims 11 to 13, wherein said coded data are further obtained by:

- determining (35) a low class, called last low class, from the set of constructed classes, wherein said last low
class comprises a low activity value and wherein a class whose highest activity value is below the lowest activity
value of the last low class is called a very low activity class, and wherein a class whose lowest activity value is
equal or higher than the highest activity value of the last low class is called a normal activity class,

- determining (36), for each very low class, a new range of activity values depending on the lowest activity value
of said last low class and on a width, said width being equal to an average of the widths of normal classes or
to a width of the central class, and

- assigning to each very low class a quantization parameter equal to a quantization parameter of a normal class
which is a symmetric class of the very low class with respect to the last low class.

15. The bitstream according to any one of claims 11 to 14, wherein the number of classes in the set of classes depends
on a number of available index parameters coded in a slice header of the frame.
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